Pine nuts are becoming a popular snack because of their interesting taste and positive nutritional profile. Their fatty acid profile has been reported but there is some confusion identifying named cultivars. This study presents the fatty acid profile of five different cultivars of pine nuts currently growing in the South Island of New Zealand. The data are compared to three different samples of pine nuts currently imported into NZ. Identification of the twelve different fatty acids extracted from these samples was identified by retention time using GC-FID and GC-MS methods. The peaks were further identified by comparison of the retention times with a MS Library match and their corresponding LRI value. All but two of the extracted fatty acids were identified by comparisons with a known pure fatty acid standard sample for each fatty acid. Botanical identification of the five locally grown pine nuts was confirmed by calculating the Diagnostic Index of each cultivar from its fatty acid composition.
wide. Being endemic to the Mediterranean Basin, it has high economic relevance in Spain, Portugal, Italy, Tunisia and Turkey, where pine nuts are traditionally marketed and widely consumed [2] .
Pine nuts are eaten raw or roasted; they are also included as ingredients in a variety of traditional dishes, such as breads, candies, sauces and cakes, as well as vegetable and meat dishes. Pine nuts are a good source of nutrients [2] . It is reported that the seeds of P. pinea contain 5.6% moisture, 31.1% protein, 47.4% fat, 10.7% carbohydrate and 4.3% ash. They contain vitamins, particularly B1 and B2 and also minerals, especially potassium and phosphorus. Their high nutritional value leads nutrition experts to encourage their regular consumption in a healthy diet [1] . Regular consumption of nuts has favourable effects on blood lipids and hence can reduce the risk of coronary heart disease and sudden cardiac death, as well as beneficial effects on other cardiovascular risk factors and vascular reactivity. These positive effects are ascribed to the fatty acid profile of these nuts. The total protein content of some pine nuts is relatively high, making them a good source of plant protein in the diet [3] . In contrast to most other tree nuts, which contain mostly monounsaturated fatty acids (MUFA), primarily oleic acid, pine nuts have a predominance of polyunsaturated fatty acids (PUFA), with linoleic acid being the most abundant. Linoleic acid can be converted into cellular mediators that have an important role at the vessel level and enhance platelet aggregation (blood coagulation) [4] .
Pine nut oil is the only commercially available conifer nut oil that is rich in pinolenic acid. Pinolenic acid (C18:3cis-5, 9, 12) exerts many diverse physiological functions and has been used for the prevention or amelioration of various degenerative disorders such as hypercholesterolaemia, thrombosis and hypertension [5] . It has many biological activities, such as reducing blood pressure and attenuation of serum VLDL-TAG and VLDL cholesterol in studies using rats [6] [7] .
Destaillats et al. [8] proposed using an index (Diagnostic Index) of the Δ5-olefinic acid to identify the botanical origin of pine nuts. This index could be useful to identify the origin of nuts and to determine the type of pine nut either for sale in a market or being used in a food product.
In this study, it is proposed to harvest the nuts from known cultivars of Pinus spp. grown in the South Island of New Zealand and compare these to some commercially available pine nuts. This will provide information regarding the fatty acid profile of New Zealand grown pine nuts, previously unavailable and the profile of potentially new edible nut seed cultivars.
In addition, a novel fast GLC technique will be used and confirmed, using GC-MS and series of standard mixes, to separate out the individual fatty acids and to accurately confirm their identities. Zealand and taxonomically identified using an industry standard reference [9] .
Materials and Methods

Sample Selection
Three samples of in-shell pine nuts were purchased from the bulk bins of the local food markets in Christchurch, New Zealand. There was no cultivar identification or country of origin given to these samples of nuts but it presumed they were imported.
Sample Preparation
All fresh in shell pine nut samples were hand shelled, then duplicate samples of shelled nuts weighing approximately 3 g were finely crushed in a mortar and pestle, in duplicate. Fatty acid methyl esters were then prepared without prior lipid extraction as previously described by O'Fallon et al. [10] . This involved weighing 50 mg of the crushed material into a 12 mL Kimax® screw cap test tube followed by the addition of 6. 
Gas Liquid Chromatography
Methylated samples and standard mixes were analysed on a BPX-70 capillary column, 10 m × 0.1 mm i.d. with a 0.2 µm film thickness (SGE Analytical Science, Ringwood, VIC, Australia) installed in a Shimadzu GC-2010 system (Kyoto, Japan) gas chromatograph equipped with a flame ionization detector.
The gas chromatograph conditions used followed those described by Destaillats et al. [8] with the following modifications. The split injector was operated at a ratio of 480:1 using helium as the carrier gas at a constant linear velocity of 60.8 cms-1, injecting 1 µL with a total runtime of 7.90 minutes.
Confirmation and identification of peaks was conducted by analysing samples and standard mixes on a Shimadzu GCMS-QP2010 (Kyoto, Japan) gas chromatograph equipped with a mass selective detector, under the same general conditions as the Shimadzu GC-2010 system. The ion source and the interface temperatures were set at 250˚C with the mass selective detector operated in scan mode at a mass range of 33.0 to 400 m/z.
The mass spectra for all detected peaks and standards, were compared to two mass spectral libraries, the United States National Institute of Standards and Technology mass spectral library [11] and the Wiley Registry™ of mass spectral data [12] .
Fatty Acid Identification
The standards used for identification of sample peaks were, the pure fatty acids, A set of linear retention indices (LRI) was calculated for the BPX-70 capillary column using an n-alkane standard solution, C21 to C40 (Sigma-Aldrich, St.
Louis, MO, USA). This involved injecting the n-alkane standard mix using the same gas chromatographic conditions and calculating a LRI value for each fatty acid methyl ester based on the equation derived by van Den Dool & Kratz [13] and reviewed by Zellner et al. [14] .
Destaillats et al. [8] proposed the use of a diagnostic index (DI) to assist in determining the taxonomic identification of pine nuts. The DI index is based on the levels of Δ5-olefinic acids and metabolic precursors.
The formula used for the calculation of the DI index was:
C18 : 2c5,9 C18 : 3c5,9,12 C20 : 3c5,11,14 10 C18 :1c9 and c11 C18 : 2c9,12 C20 : 2c11,14
Results and Discussion
For decades, fatty acid analysis by GLC has been used as a relatively rapid and simple fingerprinting method to determine the origin of oils and fats. Recently, such analysis has been applied to the taxonomy of conifers. The fatty acid composition of conifer seeds differs according to genus, subgenus, section, and subsection and thus can be used as a taxonomic marker [8] [15] [16] .
In this experiment a fast GLC method was used to separate out 12 individual fatty acids from the seeds of the different Pinus spp. analysed. Using this method all the fatty acids were resolved after approximately 4.5 minutes (Figure 1 ). The retention times and confirmed identification of the individual fatty acids are shown in Table 1 .
A peak tentatively identified as C14:0 was detected in this study, but as it made up less than 0.05% of the total fatty acids it was not reported. It was not possible to match the arachidic acid peak using the GC-MS library (Table 1) , as it co-eluted with a system phthalate peak, but was identified using the Nu-Chek fatty acid methyl ester standards, based on the retention time of this peak. No pure standards or GC-MS library matches were available for gondonic and keteleeronic acids (Table 1) . Their identification was based on their (1) Hexadecanoic; (2) Octadecanoic; (3) c9-Octadecenoic; (4) c5,9-Octadecadienoic; (5) c9,12-Octadecadienoic; (6) c5,9,12-Octadecatrienoic; (7) c9,12,15-Octadecatrienoic; (8) Eicosanoicd; (9) c11-Eicosenoic; (10) c5,11-Eicosadienoic; (11) c11,14-Eicosadienoic; (12) c5,11,14-Ecosatrienoic.
elution order compared to the values presented by Destaillats et al. [8] , who used the same analytical column. Previously Wolff and Bayard [19] and Berdeaux and Wolff [20] had correctly identified all the peaks surrounding gondonic and keteleeronic acids using pure standards or MS library matches. All the identified fatty acids had linear retention indexes (LRI) calculated for them under the conditions used for the BPX-70 column (Table 1) . It can be concluded that the calculation of a LRI value for each fatty acid is a useful tool to aid its identification.
This is important as conifers can be characterised specifically by identifying a group of Δ5-olefinic fatty acids. Taxoleic acid does not have a readily available pure standard and is not available in the Nu-Chek catalogue. This study confirms that taxoleic acid has a LRI of 2608.
This is the first time that the fatty acid composition of five Pinus spp. nut seeds collected in New Zealand has been reported ( Table 1) . It is also the first time that fatty acid profiles for P. coulteri and P. torreyana have been reported ( The New Zealand pine nuts contained two fatty acids from the cis-5-unsaturated polymethylene-interrupted (Δ5-UPIFA) family, namely C18: 3 cis-5, 9, 12 (pinolenic acid) and C20: 3 cis-5, 11, 14 (sciadonic acid). The principal Δ5-olefinic acid was pinolenic acid, ranging from 0.24% to 18.44% for all the samples measured.
The DI was calculated for all the New Zealand grown pine nuts and the market samples ( Table 2 ). The DI for the New Zealand grown nuts, P. armandi, cembroides and pinea were consistent with previously reported values ( Table 3) .
The market samples, purchased and presumably imported into New Zealand, had fatty acid profiles and DI values very different from all of the New Zealand grown pine nuts. The DI values of these imported nuts are close to either P. armandi or P. coulteri.
Destaillats et al. [8] proposed the use of the DI values to determine the taxonomic difference between Pinus cultivars and they suggest that a blend or mixture of nuts could be reconciled using the diagnostic index.
Fardin-Kia et al. [15] has also tested this methodology, but concluded that DI alone is perhaps not accurate enough and there is potential for overlap in the DI index numbers in some cases.
The most commonly grown variety grown for consumption is P. pinea. New Zealand grown P. pinea contains a low level of pinolenic acid. Pasman et al. [22] showed that the P. pinea pinolenic acid content could range from 0.3% to 15%. In a Mediterranean environment, Nasri et al. [17] reports a range from trace to 3.7% of pinolenic acid in pine nuts. In addition, P. pinea can have significantly lower levels of Δ5-olefinic acids when compared to most other pine species that grow at higher altitudes or in colder regions. Perhaps this is indicative of some relationship between the Δ5 unsaturation of the fatty acids in pine nuts and their resistance to cold conditions [23] .
Pine nuts are a nutritious food rich in fatty acids fats that are now considered to be important in a healthy diet. The favourable fatty acid composition of pine nuts has been promoted by Ros & Mataix [4] , the content of PUFA is higher than the MUFA (oleic acid), and mostly PUFA including linoleic acid. Together, MUFA and PUFA contribute around 91% of the energy from fat [3] . In addition,
Pine nuts contain a lower concentration of saturated fatty acids. In general, pine seeds are rich in oils; however, their contents vary due to differences in species and environmental factors [2] .
Conversely, a growing body of health-beneficial effects are attributed to MUFA and PUFA, notably n-3 and n-6 FA contents [17] , in association with 
Conclusions
This study has confirmed the identity of 10 of the 12 fatty acid methyl esters re- (Table 3) . This study has also reported fatty acid profile for P. coulteri and P. torreyana. Torrey pine is noted to have the highest oleic acid of all of the New Zealand pine nuts (50.66%) while
Coulter pines have a high pinolenic acid content (11.75%).
New Zealand grown pine nuts contain high levels of unsaturated fatty acids, oleic and linoleic acid. They also contain several Δ5-olefinic fatty acids, taxoleic, pinolenic, keteleeronic and sciadonic which are characteristic fatty acids found in many gymnosperms.
The authors suggest that further investigation is required to determine the edibility of P. coulteri and P. torreyana nuts and especially Coulter pine nuts as they have a high in pinolenic acid content.
